Integrated Ocean Drilling Program Expedition 304/305 was designed to investigate the formation and evolution of oceanic core complexes by drilling through the Atlantis Massif oceanic core complex. Characterization of shear zone microstructures from the Atlantis Massif provides information about the area's deformation history and insight into the formation of oceanic core complexes. Plastic deformation was recognized in only 3% of the recovered core volume. The majority of the shear zones are located in gabbroic lithologies. Using orientation contrast imaging and electron backscatter diffraction, petrofabrics and microstructures were compared between the center and the edge of a gabbroic shear zone collected from IODP Hole U1309D. Analysis of the crystallographic preferred orientation, internal deformation, and grain size variations of feldspar was also performed.
Introduction
Oceanic core complexes (OCCs) are domal bathymetric highs and have been recognized along ultraslow to intermediate spreading ridges (e.g., Cannat et al., 2006; Ohara et al., 2007; Okino et al., 2004; Smith et al., 2006; Tucholke et al., 1998) . OCCs expose gabbroic rocks on the seafloor through detachment faulting and are often associated with serpentinized peridotite.
The Atlantis Massif OCC is located at 30°N latitude on the MidAtlantic Ridge (MAR). The Atlantis Massif formed within the last 1.5-2 m.y. (Blackman et al., 1998 (Blackman et al., , 2002 . During Integrated Ocean Drilling Program (IODP) Expedition 304/305, a combined total of 1415.5 m was drilled through the footwall of the central dome of the Atlantis Massif OCC at Site U1309 (see the "Expedition 304/ 305 summary" chapter; Ildefonse et al., 2007) . The core is dominated by gabbroic lithologies and is moderately altered overall. The alteration of the core decreases and varies in style downhole. The alteration at times is linked to structural features such as faults and shear zones. High-strain crystal-plastic deformation is located in discrete shear zones that vary in thickness from millimeters to a few meters (see the "Expedition 304/305 summary" chapter).
This report presents the initial results of a pilot study utilizing the technique of electron backscatter diffraction (EBSD) to analyze the structural contrast between the center and the edge of a gab-broic shear zone. Microstructures are studied with the overall aim of determining the controlling deformation mechanisms and the conditions of deformation within the shear zone. This work builds upon previous studies on oxide-rich shear zones performed by Agar and Lloyd (1997) . The results of this study can be used to interpret whether these small shear zones have been involved in the uplift of the OCC or only represent minor phases of deformation inside the gabbro body during uplift and whether they are associated with late-stage injection of melts into the gabbroic body.
Methods and materials Samples
Samples discussed in this data report were collected from Section 304-U1309D-64R-2 with the top of the billets at 43 and 46 cm from the top of the core (Fig.  F1 ). This shear zone was chosen because of the clear contact between lithologies along the shear zone boundaries. It is located at 330 m depth (near the top of the total drilled core length) and is 8 cm wide. The bulk of Section 64R-2 is dunitic with a sheared gabbroic intrusion between 41 and 49 cm (although only the bottom contact was preserved in the core). The section exhibits mild greenschist facies alteration, and some chlorite is seen in the thin sections. Sample 64R-2, 43 cm, represents the center of the shear zone and is gabbroic in lithology (Fig. F2A,  F2B ). The bulk of thin section 64R-2, 43 cm, is plagioclase (~55%) and then clinopyroxene (~25%) with some orthopyroxene (~10%). There are minor amounts of opaques and alteration phases (talc, tremolite, and chlorite; ~10%). Sample 64R-2, 46 cm, exhibits both rock types and represents the edge of the shear zone and the lower contact with the dunite (Fig. F2D, F2E ). The bulk of thin section 64R-2, 46 cm, is plagioclase (~50%) and then clinopyroxene (~20%) with some orthopyroxene (~10%) and hornblende (~10%). There are minor amounts of opaques and alteration phases (talc, tremolite, chlorite, and zeolite; ~10%).
Sample preparation
Samples were collected from the working half of the core once the shear zone of interest had been identified. The location for each of the thin section billets was chosen by studying the shear zone and choosing the best example of the microstructure exhibited by the sample. Thin section billets were oriented, where possible, with foliation perpendicular to either the long or short axis of the thin section billet, or the data were rotated subsequent to acquisition (Fig.  F2C, F2F ). Standard 30 µm thick thin sections were produced from the billets. Thin sections were chemically and mechanically polished using SYTON fluid (Lloyd, 1987) and were carbon coated to prevent charging.
Data acquisition
Sample analysis areas were selected using optical and electron microscopy utilizing orientation contrast (OC) imaging (Prior et al., 1996) . OC images show where crystallographic orientations change. Full crystallographic orientation data were obtained from automatically indexed EBSD patterns collected on a CamScan X500 Crystal Probe scanning electron microscope (SEM) fitted with a field emission gun and a FASTRACK stage (Prior et al., 1999) . EBSD patterns were collected using a 20 kV acceleration voltage and a beam current of 30 nA. The working distance was 25 mm with an angle of 70° between the beam and the thin section. The step size of 3 µm was chosen as appropriate because of the size and details of the area to be mapped. Samples were mapped utilizing beam movement. EBSD patterns were imaged on a phosphor screen, viewed by a low-light charge-coupled device (CCD) camera, and indexed using the HKL Technology manufacturer's software package Channel 5 (Schmidt and Olesen, 1989) . Average measuring time per point was 0.26 s. The raw data files exhibit indexing between 45% and 74% of the microstructure, leaving 26% to 55% as nonindexed (EBSD patterns with no solution). The nonindexed points correspond to grain boundaries, cracks, holes, and phases which were not mapped for various reasons. The raw data files were manipulated by removing wild spikes (1 pixel that is inconsistent with its surrounding 8 neighbors) and by performing a nearest neighbor extrapolation to fill in nonindexed points. All data manipulation was performed in comparison with the band contrast map to make sure that errors were not introduced. Grain sizes are calculated by the software from the manipulated EBSD maps (where grains <12 µm have been removed as they are considered errors) as the diameter of a circle of equivalent area to the measured grain area.
Results

Microstructural characteristics
The deformed grains of all phases are elongate parallel to the foliation, although the amount of elongation varies between each phase in both samples (Fig.  F3) . Sample 304-U1309D-64R-2, 43 cm, represents the center of the shear zone, and the grains of all phases are deformed but exhibit very few subgrain boundaries. The grain sizes of the phases except di-opside are larger in Sample 64R-2, 43 cm (center of shear zone), than in Sample 64R-2, 46 cm (edge of shear zone) ( Table T1) . Sample 64R-2, 46 cm, shows a slightly better development of subgrain boundaries inside the plagioclase and hornblende, but the sample does not show much internal substructure overall. Most of the high-angle grain boundaries exhibit ≥30° of misorientation across the boundary (blackcolored boundaries).
Orientation data
Only orientation data for plagioclase is compared and presented in this section. Plagioclase was chosen for orientation analysis as it is the main mineral of the samples and is normally considered to be the weakest phase during deformation for a gabbro. Also, Sample 304-U1309D-64R-2, 43 cm, does not contain significant amounts of the other phases within the mapped area, so there is not enough data on the other phases to give a statistically viable crystallographic preferred orientation (CPO). The two samples show a similar CPO (Fig. F4) . Sample 64R-2, 43 cm, from the center of the shear zone, exhibits a stronger texture than Sample 64R-2, 46 cm. In Sample 64R-2, 43 cm, a-axes form a distinct cluster 10°-20° from the y-direction, the b-axes are dispersed along a great circle on the lower hemisphere stereonet, and the c-axes are dispersed around the periphery of the upper hemisphere stereonet (Fig. F4A) . In Sample 64R-2, 46 cm, a-axes form a distinct cluster 5°-15° from the y-direction, the b-axes are dispersed along a great circle on the lower hemisphere stereonet, and the c-axes are dispersed around the periphery of the stereonets (Fig. F4B) .
Misorientation data
Statistically, the misorientation angle distribution (MAD) for plagioclase in both samples is dominated by a peak at 180° (Fig. F5A, F5B ). An angle of 180°r epresents the rotation of the twin laws. A comparison between the neighbor-pair data and the theoretical random line shows that both plots also exhibit a small increase in the number of low-angle grain boundaries (<10°). Both MAD neighbor-pair distributions exhibit a lull of relative frequencies of boundaries with misorientation angles in the range of 10°t o 30° for Sample 304-U1309D-64R-2, 43 cm, and in the range of 15° to 35° for Sample 64R-2, 46 cm. The relative frequencies then increase after the lull to the peak at 180° (bimodal distribution). Figure F1 . Photograph of hand specimen (Sample 304-U1309D-64R-2, 41-49 cm) from which thin section billets were cut. Red boxes = locations of thin sections, blue lines = locations of EBSD maps. Figure F2 . Samples 304-U1309-64R-2, 43 cm, and 64R-2, 46 cm. A, D. Plane-polarized light photomicrograph of full thin section. B, E. Cross-polarized light photomicrograph of full thin section. C, F. Stereonet summary marked with reference frames corresponding to thin section data acquisition. XZ reference frame = semikinematic reference frame of thin section (foliation known but not lineation). X0Y0 reference frame = reference frame of maps produced by HKL Channel software. Northeast-southwest orientation of thin section foliation has been rotated to east-west in stereonets.
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Sample 304 Figure F5 . Misorientation angle distributions of plagioclase for Samples 304-U1309D-64R-2, 43 cm, and 64R-2, 46 cm, are plotted as frequency histograms for neighbor pairs and random pairs. Black smoothed line = theoretical random distribution. Sample 64R-2, 43 cm: random pairs = 1,000 data points, neighbor pairs = 117,512 data points. Sample 64R-2, 46 cm: random pairs = 1,000 data points, neighbor pairs = 27,882 data points. 
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